

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































      
Matrix Only     
M003 M 485 --- --- 541 
M009 M 496 --- --- 565 
M010 M 504 --- --- 536 
M014 M 533 --- --- 520 
M016 M 510 --- --- 560 
M030 M 552 --- --- 576 
M031 M 565 --- --- 615 
M033 M 551 --- --- 600 
Mean:   524.5 --- --- 564.1 
SEM:  10.5 --- --- 11.4 
      
    
M008 B 453 451 --- 449 
M017 B 512 513 --- 562 
M018 B 508 493 --- 551 
M021 B 449 510 --- 549 
M058 B 531 568 --- 597 
M059 B 568 520 --- 538 
Mean:   503.5 509.2 --- 541.0 
SEM:  18.7 15.5 --- 20.2 
      
    
M043 A 503 502 --- 537 
M044 A 546 542 --- 577 
M047 A 539 572 --- 605 
M048 A 518 578 --- 543 
M060 A 585 591 --- 602 
M061 A 576 578 --- 591 
Mean:   544.5 560.5 --- 575.8 














      
Nerve Relocation    
M019 N 522 --- 552 563 
M020 N 468 --- 486 502 
M023 N 491 --- 510 509 
M025 N 562 --- 579 580 
M026 N 532 --- 539 466 
M027 N 555 --- 561 581 
M028 N 444 --- 484 487 
M029 N 612 --- 609 589 
Mean:   523.3 --- 540.0 534.6 
SEM:  19.3 --- 15.7 17.3 
      
BMSC Injection + Nerve Relocation  
M024 BN 530 529 542 549 
M034 BN 460 497 534 545 
M035 BN 502 525 546 549 
M036 BN 484 482 508 517 
M041 BN 520 532 548 572 
M042 BN 465 474 486 502 
M052 BN 520 509 527 531 
M053 BN 504 496 515 527 
Mean:   498.1 505.5 525.8 536.5 
SEM:  9.2 7.7 7.6 7.7 
      
ADSC Injection + Nerve Relocation  
M039 AN 497 491 510 523 
M040 AN 560 565 590 615 
M045 AN 565 563 565 597 
M051 AN 566 556 587 587 
M054 AN 518 576 539 558 
M055 AN 520 514 528 548 
M056 AN 518 514 534 545 
Mean:   534.9 539.9 550.4 567.6 

















      
Matrix Only     
149 1287 1065 248 462 30 
188 1357 1338 263 597 31 
177 1232 1138 237 501 27 
193 1212 1118 227 475 27 
195 1181 1123 225 504 28 
191 1255 1214 244 488 30 
164 1266 1239 220 517 31 
206 1393 1178 238 535 31 
182.9 1272.9 1176.6 237.8 509.9 29.4 
6.6 25.3 30.4 5.0 14.9 0.6 
      
BMSC Injection     
179 1070 1011 222 478 26 
180 1288 1213 277 482 29 
205 1298 1212 284 527 28 
212 1154 1133 222 500 29 
190 1186 1142 218 515 30 
224 1175 1125 239 509 30 
198.3 1195.2 1139.3 243.7 501.8 28.7 
7.5 35.1 30.2 12.1 7.8 0.6 
      
ADSC Injection     
186 1190 1164 198 511 30 
188 1227 1417 224 564 30 
155 1427 1347 278 590 31 
149 1378 1198 202 537 32 
184 1116 1058 208 557 30 
217 1239 1097 262 490 30 
179.8 1262.8 1213.5 228.7 541.5 30.5 

















      
Nerve Relocation     
170 1352 1363 228 550 30 
218 1260 1130 216 469 26 
178 1252 1154 228 425 27 
188 1209 1113 236 429 28 
159 1046 1083 226 450 28 
186 1430 1312 247 544 30 
175 1117 1006 207 430 28 
190 1301 1200 257 518 31 
183.0 1245.9 1170.1 230.6 476.9 28.5 
6.2 43.6 41.8 5.7 18.7 0.6 
      
BMSC Injection + Nerve Relocation   
159 1407 1123 204 471 29 
158 1231 1134 238 500 30 
176 1274 1186 193 505 32 
187 1265 1193 270 486 32 
167 1254 1234 232 554 31 
180 1137 917 184 435 29 
143 1247 1178 225 516 31 
147 1091 1103 191 470 31 
164.6 1238.3 1133.5 217.1 492.1 30.6 
5.6 33.5 34.4 10.4 12.6 0.4 
      
ADSC Injection + Nerve Relocation   
181 1121 1164 224 464 32 
149 1304 1267 255 514 31 
153 1564 1476 258 570 32 
177 1549 1153 230 534 33 
222 1326 1234 275 543 32 
207 1193 1052 203 486 30 
189 1277 1192 189 481 31 
182.6 1333.4 1219.7 233.4 513.1 31.6 















     
Matrix Only    
1.06 17.11 0.68 16.43 15.54 
1.08 19.70 0.67 19.03 17.64 
1.12 18.85 0.64 18.21 16.20 
1.11 20.87 0.72 20.15 18.22 
1.04 17.29 0.67 16.62 15.99 
1.03 16.76 0.63 16.13 15.65 
1.01 16.72 0.64 16.08 15.98 
1.11 18.14 0.67 17.47 15.78 
1.1 18.2 0.7 17.5 16.4 
0.0 0.5 0.0 0.5 0.4 
     
BMSC Injection    
1.01 19.16 0.69 18.47 18.22 
1.09 21.94 0.71 21.23 19.40 
1.14 20.63 0.64 19.99 17.50 
0.98 18.07 0.67 17.40 17.75 
0.97 19.84 0.62 19.22 19.73 
0.97 20.13 0.66 19.47 20.18 
1.0 20.0 0.7 19.3 18.8 
0.0 0.5 0.0 0.5 0.5 
     
ADSC Injection    
0.98 16.35 0.62 15.73 16.09 
1.01 17.16 0.62 16.54 16.41 
1.13 18.95 0.65 18.30 16.14 
1.06 19.93 0.62 19.31 18.20 
0.92 13.72 0.65 13.07 14.26 
1.02 16.59 0.62 15.97 15.69 
1.0 17.1 0.6 16.5 16.1 















     
Nerve Relocation    
1.11 21.18 0.64 20.54 18.50 
1.19 20.85 0.66 20.19 16.91 
1.14 18.35 0.64 17.71 15.50 
1.06 22.49 0.68 21.81 20.50 
0.92 18.14 0.67 17.47 18.98 
1.17 22.68 0.63 22.05 18.77 
0.98 17.88 0.66 17.22 17.52 
1.03 20.65 0.64 20.01 19.35 
1.1 20.3 0.7 19.6 18.3 
0.0 0.7 0.0 0.7 0.6 
     
BMSC Injection + Nerve Relocation  
1.20 23.91 0.64 23.27 19.47 
1.01 21.03 0.64 20.39 20.17 
0.98 17.43 0.59 16.84 17.17 
0.97 17.43 0.62 16.81 17.26 
1.00 20.78 0.69 20.09 20.16 
0.97 15.44 0.63 14.81 15.33 
0.99 21.13 0.66 20.47 20.65 
0.87 18.64 0.62 18.02 20.78 
1.0 19.5 0.6 18.8 18.9 
0.0 1.0 0.0 1.0 0.7 
     
ADSC Injection + Nerve Relocation  
0.86 16.16 0.62 15.54 18.00 
1.04 19.24 0.62 18.62 17.97 
1.20 25.70 0.63 25.07 20.82 
1.16 17.36 0.68 16.68 14.42 
1.02 21.37 0.63 20.74 20.31 
0.98 19.59 0.65 18.94 19.33 
1.01 18.04 0.64 17.40 17.14 
1.0 19.6 0.6 19.0 18.3 















     
Matrix Only    
1224 1018 179 449 30 
1402 1168 227 552 32 
1299 1084 211 477 28 
1287 1095 212 443 28 
1209 1076 216 471 28 
1275 1188 180 463 31 
1282 1186 258 519 31 
1330 1112 192 458 31 
1288.5 1115.9 209.4 479.0 29.9 
21.3 21.3 9.3 13.3 0.6 
     
BMSC Injection    
1092 979 176 406 28 
1352 1110 201 479 27 
1305 1151 191 522 28 
1163 1032 195 445 28 
1287 1148 206 516 30 
1183 1012 200 435 30 
1230.3 1072.0 194.8 467.2 28.5 
40.6 30.2 4.3 19.0 0.5 
     
ADSC Injection    
1187 1034 190 478 30 
1385 1234 206 481 30 
1438 1232 214 518 30 
1345 1095 201 426 31 
1310 1100 206 509 31 
1283 1178 477 206 31 
1324.7 1145.5 249.0 436.3 30.5 















     
Nerve Relocation    
1497 1201 216 532 30 
1181 1051 206 452 26 
1223 1054 187 434 28 
1378 1228 190 486 29 
1229 1114 218 439 30 
1531 1340 248 542 31 
1194 1057 235 432 29 
1221 1160 258 490 30 
1306.8 1150.6 219.8 475.9 29.1 
50.1 36.3 9.1 15.5 0.5 
     
BMSC Injection + Nerve Relocation  
1272 1072 206 466 29 
1354 1104 217 510 31 
1230 1107 194 429 32 
1167 1079 185 431 30 
1429 1269 260 555 33 
1126 1044 186 417 27 
1229 1095 193 449 30 
1165 1075 203 446 29 
1246.5 1105.6 205.5 462.9 30.1 
36.2 24.4 8.7 16.6 0.7 
     
ADSC Injection + Nerve Relocation  
1255 1153 180 443 31 
1334 1190 207 523 31 
1396 1261 210 502 32 
1516 1332 174 512 30 
1295 1130 223 477 33 
1182 1005 188 445 31 
1361 1192 206 463 31 
1334.1 1180.4 198.3 480.7 31.3 















     
Matrix Only    
1.01 18.20 0.67 17.53 17.44 
1.08 20.02 0.69 19.33 17.91 
1.14 20.98 0.65 20.33 17.79 
1.13 23.08 0.68 22.40 19.78 
1.06 25.31 0.69 24.62 23.14 
1.01 24.08 0.68 23.40 23.09 
1.02 21.44 0.65 20.79 20.40 
1.06 19.59 0.69 18.90 17.88 
1.1 21.6 0.7 20.9 19.7 
0.0 0.9 0.0 0.9 0.8 
     
BMSC Injection    
0.96 19.44 0.71 18.73 19.49 
1.23 22.94 0.68 22.26 18.04 
1.15 23.73 0.65 23.08 20.10 
1.02 20.86 0.64 20.22 19.76 
1.06 21.72 0.61 21.11 19.97 
0.97 20.73 0.64 20.09 20.68 
1.1 21.6 0.7 20.9 19.7 
0.0 0.6 0.0 0.6 0.4 
     
ADSC Injection    
0.97 18.77 0.65 18.12 18.59 
1.14 23.44 0.67 22.77 20.02 
1.18 23.50 0.64 22.86 19.36 
1.07 22.00 0.66 21.34 19.96 
1.04 21.67 0.69 20.98 20.15 
1.02 20.28 0.64 19.64 19.26 
1.1 21.6 0.7 21.0 19.6 















     
Nerve Relocation    
1.23 23.32 0.67 22.65 18.42 
1.12 20.74 0.65 20.09 17.95 
1.08 19.35 0.62 18.73 17.40 
1.17 24.99 0.68 24.31 20.76 
1.01 21.87 0.64 21.23 21.03 
1.22 24.00 0.65 23.35 19.19 
1.01 22.60 0.63 21.97 21.66 
1.00 20.61 0.65 19.96 19.90 
1.1 22.2 0.6 21.5 19.5 
0.0 0.7 0.0 0.7 0.5 
     
BMSC Injection + Nerve Relocation  
1.08 22.00 0.63 21.37 19.77 
1.08 20.65 0.59 20.06 18.64 
0.95 19.53 0.62 18.91 19.97 
0.96 19.92 0.64 19.28 20.12 
1.07 20.25 0.65 19.60 18.37 
1.03 21.23 0.69 20.54 19.99 
1.01 19.35 0.65 18.70 18.53 
0.99 22.56 0.71 21.85 22.08 
1.0 20.7 0.6 20.0 19.7 
0.0 0.4 0.0 0.4 0.4 
     
ADSC Injection + Nerve Relocation  
1.00 19.68 0.71 18.97 19.02 
1.06 19.35 0.67 18.68 17.62 
1.07 24.24 0.66 23.58 21.94 
1.25 25.02 0.62 24.40 19.60 
0.97 19.68 0.65 19.03 19.68 
0.94 17.92 0.62 17.30 18.41 
1.08 22.60 0.64 21.96 20.30 
1.1 21.2 0.7 20.6 19.5 




   
LGAS Mass (% 
Contralateral) 




   
Matrix Only   
105.1 94.0 89.1 
96.8 98.4 98.5 
94.8 89.8 91.1 
94.2 90.4 92.1 
97.7 68.3 69.1 
98.4 69.6 67.8 
98.8 78.0 78.3 
104.7 92.6 88.3 
98.8 85.1 84.3 
1.5 4.1 4.0 
   
BMSC Injection  
98.0 98.6 93.5 
95.3 95.6 107.5 
99.5 86.9 87.1 
99.2 86.6 89.8 
92.2 91.3 98.8 
99.3 97.1 97.6 
97.2 92.7 95.7 
1.2 2.1 3.0 
   
ADSC Injection  
100.3 87.1 86.6 
88.6 73.2 82.0 
99.2 80.6 83.4 
102.5 90.6 91.2 
85.2 63.3 70.8 
96.6 81.8 81.5 
95.4 79.4 82.6 




   
LGAS Mass (% 
Contralateral) 




   
Nerve Relocation  
90.3 90.8 100.4 
106.7 100.5 94.2 
102.4 94.8 89.1 
87.7 90.0 98.7 
85.1 82.9 90.2 
93.4 94.5 97.8 
93.6 79.1 80.9 
106.6 100.2 97.2 
95.7 91.6 93.6 
3.0 2.7 2.3 
   
BMSC Injection + Nerve Relocation 
110.6 108.7 98.4 
90.9 101.8 108.2 
103.6 89.2 86.0 
108.4 87.5 85.8 
87.8 102.6 109.7 
101.0 72.7 76.7 
101.5 109.2 111.5 
93.6 82.6 94.1 
99.7 94.3 96.3 
2.9 4.7 4.6 
   
ADSC Injection + Nerve Relocation 
89.3 82.1 94.7 
97.8 99.4 102.0 
112.0 106.0 94.9 
102.2 69.4 73.6 
102.4 108.6 103.2 
100.9 109.3 105.0 
93.8 79.8 84.4 
99.8 93.5 94.0 




  Image: Muscle (%) Defect: Muscle (%) 
Animal Image Top Mid Bot Top Mid Bot 
        
Matrix Only       
M030 1 15.3 4.4 24.0 14.6 7.1 24.8 
 2 13.7 6.6 22.1    
 3 14.9 10.4 28.4    
M031 1 11.3 4.5 11.3 13.1 5.7 17.8 
 2 14.9 8.9 18.7    
 3 13.1 3.7 23.5    
M033 1 6.7 2.8 8.0 4.5 4.3 9.6 
 2 1.9 5.0 9.8    
 3 5.0 5.1 10.9    
Ave:         10.7 5.7 17.4 
SEM:     3.1 0.8 4.4 
        
BMSC Injection      
M021 1 44.5 5.5 24.7 42.6 5.8 27.7 
 2 56.7 6.9 22.5    
 3 26.6 5.1 35.8    
M058 1 31.5 9.4 31.4 43.3 12.1 31.3 
 2 47.1 15.0 30.8    
 3 51.2 11.8 31.8    
M059 1 18.6 1.0 29.9 28.2 4.8 25.2 
 2 33.6 0.9 17.8    
 3 32.6 12.3 27.9    
Ave:         38.0 7.5 28.1 
SEM:     4.9 2.3 1.8 
        
ADSC Injection      
M043 1 4.2 2.9 29.1 6.0 3.6 20.5 
 2 7.5 5.3 23.0    
 3 6.4 2.5 9.5    
M047 1 10.5 10.1 7.4 11.8 10.7 7.4 
 2 22.7 7.5 7.5    
 3 2.0 14.7 7.4    
M060 1 12.1 3.5 15.0 11.5 4.2 13.1 
 2 10.5 6.1 14.9    
 3 11.8 3.0 9.5    
Ave:         9.7 6.2 13.7 




  Image: Muscle (%) Defect: Muscle (%) 
Animal Image Top Mid Bot Top Mid Bot 
        
Nerve Relocation      
M025 1 29.4 21.1 16.9 26.7 21.3 20.6 
 2 28.5 22.6 20.3    
 3 22.2 20.2 24.6    
M027 1 17.9 8.8 19.5 10.1 12.7 14.9 
 2 3.1 13.2 12.7    
 3 9.5 16.2 12.5       
M028 1 37.1 29.4 20.9 33.6 28.6 22.5 
 2 15.1 35.5 21.6    
 3 48.6 21.0 25.1    
Ave:         23.5 20.9 19.3 
SEM:     7.0 4.6 2.3 
        
BMSC Injection + Nerve Injection    
M041 1 15.8 9.6 24.8 18.8 14.8 37.8 
 2 16.9 17.0 41.8    
 3 23.6 17.7 46.8       
M042 1 46.1 28.8 27.0 38.0 25.7 26.3 
 2 35.9 21.5 25.5    
 3 32.1 27.0 26.3       
M052 1 50.4 15.1 21.7 35.9 13.7 17.9 
 2 28.0 12.0 18.7    
 3 29.4 13.9 13.4    
Ave:         30.9 18.1 27.3 
SEM:     6.1 3.8 5.8 
        
ADSC Injection + Nerve Injection    
M039 1 10.1 17.2 26.6 6.3 15.4 24.8 
 2 4.2 16.2 32.2    
 3 4.4 12.7 15.5    
M054 1 14.5 15.5 37.5 33.5 12.2 36.7 
 2 40.0 9.1 34.2    
 3 45.9 12.1 38.3    
M055 1 15.7 25.1 30.9 26.3 23.3 30.8 
 2 27.0 20.7 39.8    
 3 36.1 24.0 21.8    
Ave:         22.0 17.0 30.8 







   
Control Muscle 
M031 M 96.8 
M021 B 98.5 
M021 M 99.5 
M021 T 98.9 
M025 T 96.8 
M041 T 99.6 
M041 B 95.8 
M039 T 97.2 
M043 T 99.0 
M047 B 98.8 
M058 M 96.9 
M058 T 95.3 
Ave:  97.6 




  BV Count - Image BV/mm2 - Defect 
Animal Image Top Mid Bot Top Mid Bot 
        
Matrix Only       
M030 1 5 2 3 13.5 5.6 9.0 
 2 3 1 2    
 3 4 2 3    
M031 1 2 1 2 6.8 3.4 7.9 
 2 3 0 1    
 3 1 2 4    
M033 1 3 1 2 9.0 3.4 3.4 
 2 3 1 0    
 3 2 1 1    
Ave:         9.8 4.1 6.8 
SEM:     2.0 0.8 1.7 
        
BMSC Injection      
M021 1 5 1 5 13.5 2.3 15.8 
 2 2 1 5    
 3 5 0 4    
M058 1 7 2 3 20.3 11.3 10.2 
 2 5 4 3    
 3 6 4 3    
M059 1 4 1 5 16.9 4.5 16.9 
 2 4 1 6    
 3 7 2 4    
Ave:         16.9 6.0 14.3 
SEM:     2.0 2.7 2.1 
        
ADSC Injection      
M043 1 5 1 6 12.4 6.8 12.4 
 2 4 3 3    
 3 2 2 2    
M047 1 2 2 3 6.8 2.3 4.5 
 2 1 0 0    
 3 3 0 1    
M060 1 2 0 1 3.4 1.1 3.4 
 2 1 1 1    
 3 0 0 1    
Ave:         7.5 3.4 6.8 




  BV Count - Image BV/mm2 - Defect 
Animal Image Top Mid Bot Top Mid Bot 
        
Nerve Relocation      
M025 1 5 2 4 12.4 5.6 11.3 
 2 3 1 3    
 3 3 2 3    
M027 1 5 4 5 14.7 15.8 18.1 
 2 4 5 7    
 3 4 5 4    
M028 1 2 3 0 10.2 12.4 11.3 
 2 3 4 4    
 3 4 4 6    
Ave:         12.4 11.3 13.5 
SEM:     1.3 3.0 2.3 
        
BMSC Injection + Nerve Injection    
M041 1 5 3 2 14.7 7.9 10.2 
 2 2 2 5    
 3 6 2 2    
M042 1 6 4 5 12.4 7.9 12.4 
 2 2 2 3    
 3 3 1 3    
M052 1 4 3 3 9.0 9.0 7.9 
 2 2 3 1    
 3 2 2 3    
Ave:         12.0 8.3 10.2 
SEM:     1.6 0.4 1.3 
        
ADSC Injection + Nerve Injection    
M039 1 4 6 3 11.3 12.4 15.8 
 2 3 2 5    
 3 3 3 6    
M054 1 3 1 2 15.8 7.9 5.6 
 2 4 3 2    
 3 7 3 1    
M055 1 5 2 4 13.5 11.3 12.4 
 2 5 3 2    
 3 2 5 5    
Ave:         13.5 10.5 11.3 




































































































































































































































      Albion, NY 14411‐9235 
 
This thesis was composed by Matthew T. Tierney. 
 
 
